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Abstract 
There are strong motivating factors for more effective management practices at the front end of the innovation (FEI) process. 
Astute practices in these pre-development activities have proven to be one of the greatest differentials for success. However the 
literature notes that the FEI is poorly managed in practice. In fact, it is seen as the greatest weakness in the innovation process.  
Furthermore, insufficient industry specific studies have been conducted in this domain. Consequently there are few practical 
guides available to managers to help them improve their performance in this space. This paper attempts to address this deficit and 
expand the discussion on innovation management practices at the FEI. The study presents findings from an empirical case study 
analysis of a large organization operating in the medical technology industry in Ireland. We synthesized the literature to identify 
four critical success factors (CSFs) known to be effective in the successful management of the FEI process. From this analysis an 
instrument to assess best practices was developed. Data was collected from 66 engineers in the R&D discipline. The findings of 
the study show that the organization’s FEI phase aligns well with best practice CSFs.  The results also reveal that the critical 
success factors found in the literature are also important at the FEI in the medical technology industry. However, a difference 
between the level of agreement about the extent to which the CSFs are in place in the organization and the level of importance 
placed on these CSFs emerged. This paper contributes to knowledge by (a) assessing the relative importance of CSFs for the FEI 
in the medical technology industry (b) examining whether these CSFs are implemented in practice and if so to what extent and 
(c) providing a series of recommendations to help bridge the gap from theory to practice. 
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1. Introduction 
The early stage of the innovation process has many synonyms. It is also known as ‘phase 0’,  ‘stage 0’ and lauded 
to incorporate all ‘pre-project activities’ but it is probably best known as the ‘fuzzy front end’ [1]. According to 
Koen et al. [2] the front end of the innovation process (FEI) is the stage that includes all of the activities that come 
before the more formal new product development (NPD) phase. Kim and Wilemon [3] define the FEI as the period 
from when an opportunity is first considered to when it is deemed ready to enter the formal development process. 
Griffin et al. [4] found that serial innovators focus on finding the ‘right problem’ at the beginning of the process 
rather than an ‘opportunity’. Russell and Tippett [5] believe that there are three distinct phases in the FEI including 
(a) idea collection, (b) idea screening and (c) project selection. Khurana and Rosenthal [6] state that the FEI is 
complete when the company decides to either finance and initiate the NPD process or call a halt to the project.   
Many authors agree that the FEI is the greatest weakness in the innovation process [6, 7].  Lack of investment at 
this stage of the innovation process has caused firms to become 'more conservative in their portfolio of projects” [8].  
It seems that because of this an increasing number of development portfolios focus on incremental projects rather 
than on radical innovation and consequently we are witnessing a reduction in rate of innovation. However literature 
suggests that the FEI has the greatest potential to impact on and improve the overall innovation process.  Koen et al., 
[2] posit that a “lack of research into best practices (has) made the FFE one of the most promising ways to improve 
the innovation process”.  
There is a clear need for a better approach to managing the front end of the innovation process. This study aims to 
identify critical success factors (CSFs) that are known to improve management practices in this area and to assess 
the level of absorbance and acceptance in the medical technology industry. The case organization targeted in this 
study designs, develops and delivers complex medical device products. The findings of our work are based on 
quantitative analysis. 66 engineers working in the R&D department were surveyed. The goal of the survey was to 
gain a deep insight into the level of importance of known critical success factors as well as the level of 
implementation of these factors in a real world setting. The remainder of this paper is organized as follows. The next 
section identifies, categories and discusses critical success factors found to be effective in the management of the 
FEI. Section 3 presents the research methodology employed in this study. Section 4 summaries some of the key 
findings from our analysis while section 5 provides some recommendations to practitioners based on this analysis.  
2. Critical success factors for effective management at the FEI 
From reviewing the literature in relation to the FEI, different reasons have emerged that distinguish innovative 
companies from non-innovative companies. In essence it is shown that innovative companies are those that adopt 
best practice critical success factors (CSFs) whereas non-innovative companies do not. CSFs can be defined as 
explicit statements of the key performance areas of an organization. Cooper and Kleinschmidt’s [9] research has 
shown that certain ‘best’ practices set top performing companies apart from the others. This is substantiated by 
Barczak et al., [8] who found that the ‘best’ companies did not succeed by implementing just one factor but rather by 
integrating a number of them simultaneously and more effectively. Yet Boeddrich [10] has noted that companies still 
neglect to pay attention to many of these CSFs. An analysis of the literature revealed that four affinity groups can be 
used to categorize the majority of best practice criteria [5, 8, 9, 11].  These are (a) strategy, (b) resources, (c) process 
and (d) climate. It is important to add that no singular group contributes to innovation success; rather it is imperative 
to adopt elements from all of the groups to provide a balanced approach towards effective innovation management.  
2.1. Strategy  
According to Barczak et al. [8], the best firms emphasise and integrate their innovation strategy across all levels 
of the firm. Furthermore, they have well-defined objectives and goals that align with the company’s strategy. 
Russell and Tippett [5] note that a clearly defined and well-publicised new product strategy must be in place at the 
FEI for an organization to be successful. In order for the strategy to be clearly defined, Cooper [13] suggests that the 
strategy should focus on strategic arenas that will help propel the business’s new product effort.  Khurana and 
Rosenthal [6] second this as they believe that a company should have a clear view of the types of product lines and 
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potential platforms that they want to aim at specific markets. Furthermore, a company’s innovation strategy at the 
FEI should also adopt a “connect & develop” strategy [9]. This involves aligning with partners outside of the 
company in order to develop new products. Cormican and O’Sullivan [11] see the value in this as they too have 
found that external alliances can be mutually beneficial.  One of the most pivotal aspects of the strategy employed at 
the FEI is that it needs to be flexible. Based on the current economic climate it is also vital that a company’s 
innovation strategy is adaptable so that it can be executed if the environment changes [7].  
2.2. Resources 
Another common denominator or critical success factor that is synonymous with top-performing companies is the 
devotion of required and dedicated resources to the innovation process [9]. In terms of impact, R&D expenditure 
was found to be the most influential factor on product development measured as a percentage of sales. Proper 
resource management is essential to transforming promising ideas into successful products. One common problem at 
the FEI is that there may be numerous new product ideas circulating but not enough resources to develop them [11]. 
It has been shown that the ‘best’ firms support their people by dedicating resources to the innovation effort [8]. 
According to Koen et al. [2], permanent support from senior management can be considered essential for product 
innovation success. It is not enough, however, for this to be just apparent through words; this commitment must be 
demonstrated through actions such as committing the necessary resources [9]. It is evident that without 
management’s clear commitment of resources in the FEI and subsequent effective portfolio management that a 
company will flounder. 
2.3. Process 
According to Boeddrich [10], the absence of a structured process at the FEI has a detrimental effect on a 
company’s innovation management. In fact Cooper and Kleinschmidt [9] have found that the most effective driver, 
in terms of profitability, is the “existence of a high-quality, rigorous new product process” that places a large 
emphasises on the FEI. Russell and Tippett [5] also advise that a company should have a process or system in place 
before commencing the formal part of the innovation process. Barczak et al. [8] concur that a formal process should 
be in place. However, a crucial finding of Cooper and Kleinschmidt’s [9] research is that it is not enough to just 
have a process in place in the company to deal with the FEI and NPD; instead what is important is the “quality and 
nature of that process”. They propose an Idea-to-Launch system which is based on the Stage-Gate process. 
Although Stage-Gate has some positive attributes like aligning gate review and milestones with the natural stages of 
development [13] there are many who criticize this highly structured process at the FEI. Other models proposed 
include Khurana and Rosenthal’s [6] model which is quite similar to Cooper’s [13] as it has a linear layout where 
each stage helps the company progress through the sequence. This model concentrates on incremental innovations 
and there does not appear to be any iterative process allowing for feedback. Koen et al.’s [7] model shows the FEI as 
a cyclical process or “relationship model” rather than a sequential process. It comprises three distinctive parts 
including (a) the internal area which consists of five important elements in the FEI, (b) the engine that propels the 
front end elements and (c) the external influencing factors. Griffin et al.’s [4] hourglass model purport’s to focus on 
implementation and attempts to address “how to” implement innovation at this stage in the process. 
2.4. Climate 
The fourth CSF is effectively all about people. Although it is labelled climate, it is also an umbrella for culture, 
teams and leadership.  If the correct culture of innovation is developed in a company it will generate a self-
sustaining engine for innovation. This corroborates Koen et al.’s [7] reasoning for putting the engine as the driving 
force in their NCD model. Cormican and O’Sullivan [11] posit that culture and innovation are intrinsically 
connected. In other words, innovation will not thrive if the proper culture is not there to support it. In contrast Koen 
et al. [7] state that in all their research, they have never found a link between culture and success at the FEI. 
Johannessen et al. [14], posit that innovative companies are those that foster a climate of risk-taking, take the 
initiative and establish commitment. In the ‘best’ performing companies there is a climate for innovation that is 
spearheaded by the company’s leaders through their actions and their commitment of resources [7, 9]. Koen et al. 
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[7] also believe that the leadership at the FEI is a vital part of this phase. According to Cormican and O’Sullivan 
[11] leaders help generate and translate the vision of a company so that what is strategized at a high level is actually 
being implemented at the operational level. Cooper et al. [15] discovered that the highest performing organisations 
in innovation encourage their creative personnel to take time out from their official work in order to spend time on 
informal projects. Barczak et al. [8] found that the implementation of cross-functional development teams is highly 
associated with the ‘best’ performing companies. Terziovski et al. [16] also found in their research that this is one of 
the most important success factors and it needs to be implemented at the early stage of innovation. It is not just 
sufficient, however, to have a cross-functional team, the team must also communicate effectively in order to bring 
about success at the FEI [17].  
3. Methodology 
A detailed case study was employed in a leading medical technology organization in Ireland to assess the level of 
best practice at the FEI. This organization was selected as it is a leader in medical device design and development 
with a proven track record in product innovation. According to Hildreth [18] users of a system are the best 
evaluators of that system, therefore only R&D engineers involved in the product innovation process was targeted in 
this study. Cooper and Kleinschmidt [9] advise that there is often a difference between business unit level success 
and project level success. Consequently the survey was distributed to all 96 engineers in the R&D department who 
were capable of commenting on FEI management practices. Data collection employed a quantitative approach. 
According to Creswell [19], quantitative research methods are used to test theories. This method is lauded to be 
effective when empirically measuring people’s feelings, beliefs and behaviors. Moreover, it is easy to repeat and 
findings can be generalized to the greater population [19, 20]. Data collected using this research approach is always 
analysed numerically using statistical analysis [20]. This method was chosen for this study as it is a good mechanism 
to test theories, it is easy to repeat and findings can be generalised to the greater population. 
A comprehensive survey was designed, developed and tested. 90 statements were formed based on relevant best 
practice literature relating to management practices in the FEI namely (a) strategy, (b) resources, (c) process and (d) 
climate. Each category represents an aspect of the business that, according to the literature, is significant to product 
innovation success. The survey was designed to ask two key questions. First we wanted to learn the extent to which 
each of the best practice statements was implemented in the organizations. To this end respondents were asked to 
document whether they agreed or disagreed with the implementation of each of the statements using a five-point 
Likert scale i.e. strongly agree, agree, neutral, disagree and strongly disagree. We also wanted to understand how 
important respondents felt each of the statements was. Therefore respondents were asked to rate the level of 
importance of each statement on a five-point scale i.e. critical, very important, important, slightly important or 
unimportant. The survey was piloted to establish if there is any ambiguity in the line of questioning and whether any 
of the questions could be misinterpreted.  Amendments were made based on this feedback. Data collected was 
analyzed numerically using statistical analysis software (SPSSX). 
4. Findings from the analysis 
66 people responded to the survey. The majority of the respondents to the survey were either R&D engineers 
(36%, n = 66) or associate R&D engineer (26%, n= 66). The majority (47%) of respondents are aged between 25 and 
34 years old and a chi-squared test was determined that there is a significant association between respondents age 
and role held within the company (χ² = 80.228, p = .000, df = 39, n = 66). Therefore it is likely that the R&D 
engineers and the associate R&D engineers are mainly made up of people in the younger age categories. 
Participants were asked to disclose how many years they have worked in the medical technology industry, the 
number of years they have worked in R&D and the number of years they have been employed in the company. This 
information was sought to discern the level of experience the respondents have working at the FEI in the 
organization. The number of years the respondents worked in the medical device industry ranges from 0 to 28 years 
(mean x̅= 8, standard deviation SD = 6.78). The numbers of years the respondents have worked in R&D range from 
0 to 22 years (x̅= 6.37, SD = 5.14). Finally the numbers of years the respondents have worked in Company X ranges 
from 0 to 27 years (x̅ = 6.36, SD = 6.12). 
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There was no significant difference between the opinions held by the respondents in the different age categories. 
This allowed the sample to be considered as a whole and the statistics did not have to be segregated according to the 
different age groups. 
4.1. Strategy 
Our results indicate that responding engineers in the R&D department agree that best practice critical success 
factors relating to strategy are in place at the FEI in the organization studied (i.e. degree of implementation). The 
employees also consider that critical success factors relating to strategy are important (i.e. level of importance). A 
Spearman’s Rho test was carried out to see whether there was an association between the degree of implementation 
and the level of importance attached to the strategy related CSFs. We found that there is a weak correlation between 
respondents’ degree of implementation and the level of importance associated with this category and so the 
relationship is not statistically significant (r = .186 p = .174). This means that the relationship is so low that it can be 
considered random. 
As there was no significant association between the degree of implementation regarding strategy oriented CSFs in 
place and the level of importance attached to these CSFs it was decided to carry out a Wilcoxon test to see whether 
there was a significant difference between them. The results indicate that there is a significant statistical difference 
between the two (Wilcoxon, Z = -2.419, n – Ties = 50, p = .016).  This means that despite the fact that respondents 
believe that the organization is good at implementing strategy oriented CSFs, the level of importance assigned to 
these CSF is rated higher. In other words, respondents believe that CSF in the area of strategy is rated higher than 
what is practiced in reality and so this imbalance needs to be addressed. 
4.2. Resources 
Respondents believe that CSFs relating to resources are in place at the front end of the innovation process in their 
company. Furthermore the employees also consider that CSFs relating to resources are important. These findings 
suggest that resources in the FEI of the organization are managed in accordance with best practice.  
A Spearman’s Rho test was carried out to see whether there is an association between respondents’ attitude 
towards the degree of implementation regarding whether CSFs for resources in the FEI (i.e. degree of 
implementation) and the level of importance attached to these CSFs (i.e. level of importance).  It was discovered that 
there is a statistically significant relationship between implementation and importance in this category (r = .289, p = 
.042). As p < .05 the relationship can be considered genuine and not a result of chance. Therefore we can deduce that 
the more the resource related CSFs align with best practice in the FEI, the greater the importance placed on this CSF. 
Alternatively, if high importance is put on CSFs resource, they are more likely going to be incorporated into the 
company. 
A Wilcoxon test was carried out to see whether there was a significant difference between the degree of 
implementation and the level of importance attached to the resources related CSFs. The results indicate that there is a 
significant statistical difference between both measures of attitude (Wilcoxon, Z = -5.280, n – Ties = 46, p = .000).  
It seems that a larger number of respondents rated the importance of the resource related CSFs greater than their 
level of agreement about them being in place in the organization. 
4.3. Process 
Unlike the previous categories, respondent’s scores are concentrated on the lower values of the scale when asked 
about whether they believe that best practices process oriented CSFs were in place. However, the median score is 
high which implies that the employees are more in agreement than disagreement about process related CSFs being in 
place in their company. Respondents also believe that CSFs relating process are more important than unimportant.  
A Spearman’s Rho test was carried out to see whether there was an association between the level of agreement 
regarding whether the organization implements process related CSFs and the level of importance attached to these 
factors. We found a strong correlation between implementation and importance in this category and consequently 
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that the relationship is statistically significant at the 0.01 level (r = .493, p = .001). This means that the higher level 
of agreement that the CSF is in place in the organization the higher the level of importance is placed on the CSFs.  
A Wilcoxon test was subsequently carried out to see whether there was a significant difference between the level 
of agreement that these factors are in place and the level of importance attached to these factors. Based on the 
results, there is no significant statistical difference between both measures of attitude (Wilcoxon, Z = -1.850, n – 
Ties = 37, p = .064). This implies that the level of agreement about the level of implementation of CSFs relating to 
the organizations process is more in line with the level of importance attached to these CSFs.  
The findings indicate that organizations FEI process is effective as the high agreement scores indicate that 
organizations’ process compares favorably with the process related CSFs. 
4.4. Climate 
The majority of respondents believe that CSF relating to the organizations climate is in place. They also believe 
that these CSF are important.  
A Spearman’s Rho test was carried out to see whether there is an association between the level of implementation 
and the level of importance attached to the climate CSFs.  It was established that there is a strong correlation 
between agreement and importance in this relationship is statistically significant (r = .484, p = .003).  
A Wilcoxon test was also conducted to see whether here was a significant difference between the level of 
implementation and the level of importance attached to the climate related CSFs. According to the results, there is no 
statistical significant difference between both measures of attitude (Wilcoxon, Z = -1.287, n – Ties = 28, p = .198). 
Our findings show that respondents rated the level of importance and level of implementation of climate CSFs is 
similar.  
4.5. Reliability of the instrument 
It is essential to determine the internal reliability of the instrument using a statistic known as Cronbach’s Alpha. 
As this is a developmental scale, the individual Cronbach’s Alphas were calculated for each of the subscales on the 
instrument. The overall Cronbach’s Alphas for the combined subscales was also calculated. All of the results are > 
0.8 which is deemed as “highly acceptable for assuming homogeneity of items” [21]. Therefore the items in this 
scale can be considered to have a high level of internal consistency. 
A Spearman’s Rho test was carried out to see whether there are associations between subscales measuring the 
level of implementation relating to the strategy, resources, process and climate CSFs. The results of the test show 
that there are strong positive correlations between all of these scales and each of these relationships are statistically 
significant. This means that as agreement about one CSF increases agreement about resources and other sub scales 
increase. This relationship reaffirms what was suggested in the literature which is that the four factors are linked. 
A Spearman’s Rho test was then carried out to see whether there are associations between the subscales 
measuring the level of importance for each of the CSFs. The results of the test show that there are strong positive 
correlations between all of the importance subscales and each of these relationships are statistically significant. 
Based on these results, one can deduce that as the importance placed on the strategy CSFs increases, the importance 
levels attributed to the other CSFs are likely to increase and so forth. These correlations mean that there is a 
significant relationship between the four variables and that as the literature suggests, they are linked and cannot be 
treated independently. 
5. Recommendations 
Based on our analysis the following is a tentative list of recommendations that the organization studied should 
take on board so that their FEI phases aligns better with established best practices. 
x Focus on new strategic arenas: According to Cooper [22] a company should focus “R&D efforts on more fertile 
strategic arenas with extreme opportunities” as they will help a company to grow and prosper. The organization 
should consider targeting new strategic arenas that will demand the creation of breakthrough ideas and big 
concepts.  
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x Adopt a ‘connect & develop’ strategy: It is clear from the findings that the organization studied does not adopt a 
collaborative innovation strategy. There is evidence to show that many companies have benefited from adopting 
more ‘open innovation’ policies [23].  
x Deploy more suitable staff at the FEI: The findings of our study show that only a small percentage of employees 
work full time at the FEI. Furthermore we learned that employees’ strengths are not taken into account when 
assigned to innovation projects. It is imperative to ensure that suitable resources are assigned to the right 
projects so that there is a well-balanced and effective portfolio of projects.  
x Invest more money at the FEI: The organization studied devotes on average 4.2 % of turnover to R&D but only 
0.2% of this figure is dedicated to the FEI phase. These percentages are considerably less than international 
expenditure on R&D. We would recommend that the organization should increase their spending at the FEI as it 
has been found that when the allocation of money (and staff) doubles at the FEI it correlates significantly to 
product innovation success [13]. 
x Align innovation metrics to management’s personal performance objectives: In order to ensure that 
management commit the adequate amount of resources to where they are needed at the FEI, new product 
performance metrics should be integrated into management’s personal performance objectives [7]. This link 
guarantees that management cannot overlook the FEI phase if they want to meet their performance objectives. 
x Improve idea management: It is clear that a greater emphasis should be placed on the management of ideas. By 
incorporating the philosophy of idea banks or idea markets, which allow all employees to contribute and 
evaluate ideas, would permit a more collaborative effort for determining the value of an idea.  
x Evaluate leadership: Stevens et al. [24] found in their research that a leader’s personality can greatly affect the 
FEI. They discovered that a person who demonstrates high tendencies for intuition will select better projects 
and as a result will generate more profit in comparison to someone who scores low on this psychometric test for 
intuition. Therefore if leadership is so integral to success in the FEI, companies like the one studied here should 
consider whether their leaders are effective by carrying out this psychometric evaluation. 
6. Concluding remarks 
This paper focuses on management practices at the front end of the innovation in a large organization operating in 
the medical technology industry. The aim this research is to provide insights into the level of implementation of 
known best practices as well as the level of importance assigned to these best practices in a real world setting. The 
research is important because management practices at the FEI have a significant impact on the performance of the 
product innovation process. We found that the FEI audit used in this study is internally reliable. The questionnaire, 
which is based on existing literature relating to the FEI is an effective instrument for gauging the level of best 
practice in place in a company’s FEI. The tool can help practitioners’ asses themselves relative to best practice. By 
analyzing an organization’s activities and by quantifying the impacts of these activities the organization can respond 
in a planned and coordinated way and customized solutions can be implemented. 
The findings of our study revealed that CSFs relating to strategy, resources, process and climate are very 
important at the FEI in the medical technology industry. However these CSFs are not implemented to the extent to 
which they should be in practice. Our study revealed that if a CSF is considered important by employees it is more 
likely going to be enforced. In addition, if a CSF is implemented it is also more likely to be considered important. If 
an organization wants to ensure that they have an effective and efficient FEI phase, it is clear that they must adopt 
these best practices in these areas uniformly. By incorporating and improving the presence of the CSFs medical 
technology companies will create FEI phases that align more with best practice.  
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